ABSTRACT. The present study was carried out to quantify the genotype x environment interaction of nine cassava cultivars and to estimate the phenotypic stability parameter by Plaisted and Peterson (1959) and Kang (1988) methodologies, in the cities of Maringá and Rolândia, located in the state of Paraná, southern Brazil, during the agricultural years of 1995/96, 1996/97 and 1997/98. The treatments were in complete, randomized blocks, with four replications. The Plaisted and Peterson method showed the IAC 169-86, IAC 47-86 and Branca de Santa Catarina cultivars to be the most stable. The IAC 169-86 and IAC 47-86 cultivars presented the lower ranks total, and therefore were considered the most stable and productive by Kang method (1988). The IAC 169-86 cultivar was a stable and productive material, resistant to bacteriosis, with average susceptibility to overlengthening, being, thus, eligible for recommendation to cassava producers in northern and northwestern Paraná.
Introduction
The assessment and selection of cultivars with high yield and stability is very important in any genetic breeding program, to indicate superior materials for commercial use (Carneiro, 1998) .
The inconstant performance of cultivars, when assessed in different environments, has drawn the attention from plant breeders, because the interactions among genotypes and environments can interfere negatively in the cultivar selection process (Barriga, 1980) .
The genotype x environment interaction, which is the alteration in the genotype performance because of environmental differences, according to Borém (1998) , indicates that the cultivars being studied are not stable, behaving differently in different environments. According to Ramalho et al. (1993) , there are at least three options to reduce the effect of genotype x environment interaction: to identify specific cultivars for each type of environment, to carry out ecological zoning and to identify more stable cultivars with more stable phenotype. The first option to reduce the effects of interaction is theoretically, but not practically, Acta Scientiarum. Agronomy Maringá, v. 25, no. 2, p. 467-472, 2003 possible. In this case, the genetic materials are assessed in several environments and the cultivars are identified by data analysis for each specific environment. The environment can become restricted by any unpredicted variation in these conditions, causing genetic materials unfitness. Furthermore, it is a very expensive solution for researching institutions, requiring a previous training to develop farming awareness, which prevents its adoption.
In the environment zoning, ecologically similar environments are grouped in sub-regions where the interaction becomes insignificant. This grouping, however, is only possible based on macroenvironmental differences, which makes zoning vulnerable to unpredictable variations that may occur in any environment (Horner and Frey, 1957) .
The alternative that has been most widely used is the identification of cultivars with greater phenotypic stability, abler to be applied in the most varied situations. This option requires studies on the genotypic performance based on adaptability and stability parameters, which enables identification of cultivars with predictable behavior and responsive to environmental variations, under specific or general conditions (Cruz and Regazzi, 1997) .
The adaptability of a cultivar is its capacity to make good use of the environmental variations. Performance stability is related to the capacity of the materials for highly predictable behavior related to environmental variation. Adaptability and stability are characteristics of the cultivar and allow it to respond to the environment limiting factors and use the favorable factors (Borém, 1998) .
There are a few studies on genetic breeding involving cassava cultivars in Paraná. Vidigal Filho et al. (2000) assessed nine cassava cultivars in the Araruna, state of Paraná, region and concluded that the Fécula Branca cultivar was superior because it presented good tuberous root yield and was resistant to bacteriosis, being recommended for cultivation in northwestern Paraná.
Rimoldi (2000) studied the adaptability and stability of cassava cultivars in the northern and northwestern regions of Paraná. He concluded that the IAC 45-85 cultivar was stable by the Plaisted and Peterson (1959) and Kang (1988) methods, highly resistant to bacteriosis, with average susceptibility to overlengthening, and also produced high yield in the assessed environments.
The objective of the present study was to study the genotype x environment interaction and to assess the genotypic performance of nine cassava cultivars, to verify which one(s) could better meet the needs of the cassava agroindustrial sector in the northern and northwestern Paraná.
Material and methods
The experiments were set up in the agricultural years 1995/96, 1996/97 and 1997/98 (Godoy et al., 1976) .
Six remaining cultivars from the last selection cycle selected by Lorenzi et al. (1996) in Campinas, state of São Paulo, were assessed in Maringá and Rolândia, in 1996/97 and 1997/98 using Branca de Santa Catarina, IAC 12 and Fibra cultivars as controls.
In the experiments carried out in Maringá, the experimental plots had 4.0m x 8.0m, with four plant rows with 1.0m between-row spacing and 0.80m between plants. The plot's useful area consisted of the two central rows, eliminating 0.80m from the ends, making a total of 12.80m 2 with 16 plants. In Rolândia experimental area, the plots measured 4.80m x 8.0m, with four plant rows, spaced at 1.20m between rows and 0.80m between plants. The plot's useful area consisted of the two central rows, removing the 0.80m from the ends, totaling 15.36m 2 with 16 plants.
The experiments were set up in the first 15 days of October, by placing the manivas horizontally in drills approximately 0.10m deep and covering them Acta Scientiarum. Agronomy Maringá, v. 25, no. 2, p. 467-472, 2003 with soil. Normal crop management practices were used according to Dias and Lorenzi (1992) . No fertilizer of any type was applied to give greater similarity with cassava producer reality in the regions where the experiments were set up.
The treatments were in complete, randomized blocks, with four replications, making a total of 32 experimental units in each experimental assessment.
The following characteristics were assessed: a) bacteriosis incidence (Xanthomonas axonopodis pv. manihotis, Dye et al., 1980) at three, six and nine months, at field level, using the scale proposed by Fukuda et al. (1984) ; b) incidence of overlengthening (Sphaceloma manihoticola, Bittancourt and Jenkinns, 1950) in ten plants from the useful area in each plot, at four and six months after emergence, according to the scale proposed by Lozano (1978) , quoted by Silva (1981) and c) mean tuberous root yield, expressed in kg ha The localities and years were considered as environments, producing a total of four environments: environment 1 corresponded to the experiment set up in Maringá in 1995/96; environment 2 represented the experiment in Maringá, 1996/97; environment 3 was the experiment set up in Rolândia in 1996/97 and environment 4 was the experiment set up in Rolândia 1997/98. The genotype effect was taken as fixed and the others as random (Cruz and Regazzi, 1997) .
When the experimental data was obtained, a simple analysis of variance was performed in the different environments for the characteristic tuberous root yield and then joint analysis of variance, using the residual mean squares that were not higher than the 7:1 ratio, according to Gomes (1990) . Where there was significance for the genotype x environment interaction, the Plaisted and Peterson (1959) and Kang (1988) stability assessment methodologies were used with the computer resources of the Genes Program (Cruz, 1997) .
The methodology proposed by Plaisted and Peterson (1959) quantifies the relative contribution of each genotype to the genotypes interaction x environments and identify those with higher stability. Through this method, the stability parameter i θ was obtained: the lower magnitudes detected, the more stable genotypes were.
The method proposed by Kang (1988) involves the production averages of tuber roots genotypes and the stability parameter proposed by Plaisted and Peterson (1959) . It means, initially, to sort by decrescent order genotypes in relation of the tuber roots average production. After that, to accomplish the genotypes, sorting by crescent order, in relation to the stability parameter adopted. Then, add both results and the one that presents the lower sum will be considered the more stable genotype and yielder.
The data obtained on diseases such as bacteriosis incidence and overlengthening symptoms were analyzed by descriptive statistics. Table 2 shows the mean values for tuberous root yield of nine cassava cultivars assessed in four environments in Maringá and Rolândia. There is variation in the means for environment, with values Acta Scientiarum. Agronomy Maringá, v. 25, no. 2, p. 467-472, 2003 oscillating from 22,375 to 12,809kg.ha -1 in 1996/97 and 1997/98 respectively, in Rolândia.
Results and discussion
When the cultivar yield by environment is further analyzed, the IAC 169-86, Fibra and IAC 47-86 cultivars were outstanding in the experiments carried out in Maringá, in 1995/96, the IAC 169-86, presenting tuberous root yields superior to the mean by environment and to the general mean. For the year 1996/97, the cultivars IAC 183-86, Fibra and IAC 169-86 were outstanding for tuberous root yield, with mean values superior to the mean by environment and to the general mean. The Fibra, IAC 169-86 and IAC 183-86 cultivars were superior for tuberous root yield in the experiments assessed in Rolândia, both in 1996/97 and 1997/98, also with mean values higher than the mean by environment and the general mean of the experiment (Table 2) .
When the mean yield of the cultivars is taken into consideration, there was a considerable oscillation in values and the most productive cultivar was Fibra, with a mean production of 25,096kg ha -1 while the least productive cultivar was IAC 187-86 which produced a mean of only 8,912kg ha -1 (Table 2 ). The most productive cultivars were Fibra, IAC 169-86 and IAC 183-86, in descending order. Lorenzi et al. (1996) obtained similar results when the same cultivars were assessed in the state of São Paulo. Table 3 shows the results of the joint variance analysis for tuberous root yield, for the experiments carried out in Maringá and Rolândia. All the environments could be tested in the joint analysis of variance, as the division of the greatest value by the least of the mean square of the residue was not higher than 7:1 (Table 3) .
There were significant differences for genotypes and for genotype x environment interaction, considering the tuberous root yield (Table 3) . The significance of this interaction indicates that the cultivars did not behave similarly in the different environments assessed. Adaptability and stability studies were carried out using the methodologies by Plaisted and Peterson (1959) and Kang (1988) to reduce the significant effects of the genotypes by environment interaction. ** significant at levels of 1% probability for the F test Table 4 shows the stability estimates by the method proposed by Plaisted and Peterson (1959) (Table 4) .
It is important to point out that Cruz and Regazzi (1997) stated that the most stable cultivars are not always the most productive, when analyzed by this methodology. An example of this is that, from the three most stable cultivars by this methodology, only IAC 169-86 presented a good yield mean for tuberous root, which indicated that, in the methodology by Plaisted and Peterson (1959) , there is no agreement between yield and stability. Disagreement between yield and stability was also observed by Monge (1981) when assessing bean cultivars, by Vendruscolo (1997) when studying popcorn genotypes, by Daros and Amaral Junior (2000) when assessing sweet potato accession, by Rimoldi (2000) when studying cassava cultivar stability and by Vilhegas et al. (2001) when studying stability in corn hybrids. Table 5 shows the stability estimates by the method proposed by Kang (1988) for the cassava tuberous root trait in the experiments carried out in Maringá and Rolândia.
When the stability and yield estimates were analyzed together, the IAC 169-86 and IAC 47-86 cultivars showed the lower classification sums, and were considered the most stable and productive (Table 5) .
When analyzed separately, the IAC 169-86 cultivar was more stable by the Plaisted and Peterson (1959) methodology and was also considered the second most productive cultivar, considering tuberous root yield (Table 5) .
The IAC 47-86 cultivar, placed because of its stability, ranked second by the Plaisted and Peterson (1959) methodology and thus is in the second place in the ranks sum, as in Table 5 .
Considering the behavior stability for the tuberous root yield characteristic, the IAC 169-86 cultivar was a stable and productive material and also resistant to bacteriosis and presented medium susceptibility to overlengthening. It was therefore suitable for recommendation to cassava producers in the northern and northwestern Paraná.
